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Introduction

This research investigates syllabic complexity in children
with normal and disordered speech production using a
computerized method of analysis.

Automatic Syllabic Cluster Analysis based upon landmark
theory (Stevens 1992, 2002; Liu 1996; Howitt 2000; Fell
& MacAuslan, 2005) is used to automate the analysis of
child speech

The algorithm automatically measures acoustic changes
that correspond to syllable patterns and provides a fast
method for measuring complexity in syllable production
without the need for phonetic transcription.



Background of Study

Speech development in children involves:
* (a)increasing the proportion of multisyllabic words produced

* (b) moving beyond one or two syllable types (V, VC, CVC) to a
larger number of complex syllable types (CCVC, CVCC, CCVCC,
etc. (Oller et al., 1999, Oller, 2000)

 The development of well-formed syllables in infancy has been
shown to be a significant predictor of later communication
skills (Oller et al., 1999, 2010; Oller, 2000; Nathani et al., 2006; Pharr
et.al,2000)
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The Problem of Measuring
Speech Complexity

* No universally accepted definition of
complexity.

e Systematic guidelines for evaluating complexity
in continuous speech samples are not well
established.

e Conventional methods of analyzing syllable,
word, or utterance complexity are slow and
laborious (i.e. phonetic transcription and hand
scoring of speech data.
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The Problem of Phonetic Transcription

* Even Typically-Developing Children are variable
and imprecise in their speech patterns.

* Transcribers tend to “regularize” this variability, as
they naturally tend to attempt “make sense” out
of an utterance.

* Transcription of large data sets is time- and labor-
intensive, thus restricting ability to study large
boluses of naturalistic speech (Oller, 2010).
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Automatic Syllabic Cluster Analysis:
Landmark Analysis

Landmark analysis is based on the work of Stevens et al
(2002).

* Aims to identify points in the acoustic signal that are
most perceptually salient for information about
phonemes, words and meaning.

* Looks for patterns of abrupt change and
maxima/minima that occur simultaneously across a
wide range of frequencies
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Syllabic Cluster Analysis

— The Syllabic Cluster algorithm in the SpeechMark® Matlab

toolbox uses six landmark types and groups sequences of
landmarks into syllabic clusters.

— The six abrupt landmarks used are onset and offset

versions of +/-g (glottal), +/-b (noise burst), and +/-s
(sonorancy).
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Syllabic Clusters

The sequence and grouping of
landmarks is related to how the
speech was spoken.

If spoken more canonically, as a string
of intended syllables (dictionary
form), more landmarks will be
detected.

If uttered less canonically, fewer
landmarks will be detected.

— less extreme movements
— less precise timing
— Reduced aerodynamic support
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Prior Studies

 Landmark and syllabic cluster analysis have been used to study:

— Changes in infant babble across time to distinguishing
infants who may be at risk for later communication
disorders (Fell et al., 2002).

— Normal vs. sleep deprived conditions (Boyce et al., 2008).

— Parkinson’s disease patients before and after undergoing
Deep Brain Stimulation treatment (Chenausky, MacAuslan &
Goldhor, 2011).

— Clear vs. Conversational Speech (Boyce et al., 2013).

* Significant differences found in the number of landmarks detected
and syllabic clusters as a result in change in age or condition (Fell et
al., 1999, 2002; Boyce et al. 2011, 2013).

UNIVERSITY OF ‘Ki'

Cincinnati



Research Questions

RQ1: Does the Landmark per Syllabic Cluster
parameter predict speaker group (typical vs.

disordered )?

RQ 2: Does the Syllabic Clusters per Utterance

parameter predict speaker group (typical vs.
disordered)?

RQ3: Does the Syllabic Cluster per Utterance parameter
correlate with a conventional hand measure of
syllabic complexity?
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Method

Participants
13 children (6 typical, 7 disorder status) age 3-6

Materials

Clinical Assessment of Articulation and Phonology 2"9 Edition
(Secord, Donohue, & Super Duper Publications, 2002)

— 46 single-words [Monosyllabic (bed) to multisyllabic
(basketball)]

— 33 sentences elicited from the reading of children’s book

with repetitive language.
e Ex. Brown bear, brown bear what do you see.

Number of words/sentences includes:

m Typical (n=6) Disordered (n=7)

Words 276 322
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Method

Recording Conditions

e Speech samples were obtained in a quiet room at UC or at
a site convenient to the participant.

* A Shure wireless microphone system used with an
omnidirectional, subminiature, lavalier, condenser
microphone.

 Samples are digitally processed at a sampling rate of 22K.
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Method

* Each token was phonetically transcribed and scored
using the WORD COMPLEXITY MEASURE (WCM)
(Stoel-Gammon,2010)

* WCM is scored across eight parameters in terms of
word patterns, syllable structures, and sound classes
to measure the complexity of each word.

Word Patterns Syllable structures Sound Classes
Velar
<two syllables Final consonant Liquid
\ Rhotic
Stress on any syllable Consonant Cluster Fricative
but the first Affricate
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Method

Recordings were analyzed by the Syllabic Cluster
algorithm from the SpeechMark Landmark Analysis
System® MatLab tool box.

* Measures extracted were:
— Total number of landmarks (LM)
— Landmarks per Syllabic Cluster (Sylls)
— Number of Utterances (Utts)

— LMs per Sylls
— Sylls per Utts.
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Results: RQ1

Does the Landmark per Syllabic Cluster parameter predict speaker group
(typical vs. disordered )?
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Results: RQ2

Does the Syllabic Clusters per Utterance parameter predict speaker
group (typical vs. disordered)?
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RQ3

* Does the syllabic cluster per utterance parameter correlate with a
conventional hand measure of syllabic complexity?

20
18 *
L J

Q
QO 16 ®
c
g 14 ® ¢ o o Moderate positive
g correlation between
- 12 Y * 0 syllabic cluster per
a ¢ ¢ ® o ° utterance and WCM
0 10 * ¢ o Y observed in sentences,
% ¢ * * o 00 * statistically significant
3 8 ® G000 G606 oo o0 ® ysis ’
© ® ® _ 0606060000 § r,=0.349, p < 0.001.
o 2
s 6 S AL ¥ Bl * * %0
© ® Q0 ‘ i o ®
;>- 4 o ® § § o ®

* 0 R § %

2 g i . ; o ¢ *
$§38s8¢8 JERE
0
0 5 10 15 20 25

WCM Observed



Conclusions

Syllabic cluster per utterance was a significant predictor of disorder
status in running speech but not in words. This may be because the
WORD sample included few multisyllabic words.

* Single word measures provide information on phonemic inventory but
are limited in describing articulatory complexity intrinsic to running
speech.

* Automated Syllabic Cluster per Utterance correlates with hand
measures of word patterns and syllable structures.

* Automated Syllabic Cluster detection is useful for measuring complexity
of running speech samples without the need of phonetic transcription.
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Proposed Future Direction
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